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Global sea-level has changed in a cyclic manner through geologic history, but the regularities of these
changes are yet to be fully understood. Despite certain (and sometimes signiﬁcant) differences, the
available Mesozoic eustatic curves permit the outlining of long-term eustatic cycles, which are provi-
sionally deﬁned as cycles recognizable at the stage level and higher. Interpretation of the Triassic eustatic
curves indicates two orders of long-term cycles and a 1st-order sea-level rise throughout the entire
period. The Jurassic eustatic curves imply cyclicity of one or two orders, and a 1st-order eustatic rise
during the entire period is also evident. Most challenges are interpretations for the Cretaceous; two to
four orders of long-term eustatic cycles can be established for this period. Generally, the hierarchy of the
long-term eustatic cycles might have changed through the Mesozoic. If so, and if one considers differ-
ences of cycles of the same order between the periods of this era, it is difﬁcult to apply “standard” hi-
erarchical classiﬁcations to the documented cycles. The hypothetical uncertainty of the hierarchy of the
Mesozoic long-term eustatic cycles is an important challenge for modern researchers.
 2015, China University of Geosciences (Beijing) and Peking University. Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
During the last two decades, our knowledge of global sea-level
changes and their controls through geologic history has improved
signiﬁcantly (Embry, 1997; Abreu and Anderson, 1998; Hallam,
2001; Eriksson et al., 2005, 2013; Haq and Al-Qahtani, 2005;
Miall, 2005, 2010; Miller et al., 2005; Catuneanu, 2006; Johnson,
2006, 2010; Haq and Schutter, 2008; Kominz et al., 2008; Müller
et al., 2008; Coughenour et al., 2009, 2013; Galeotti et al., 2009;
Lovell, 2010; Catuneanu et al., 2012; Ruban et al., 2012; Spasojevic
and Gurnis, 2012; Haq, 2014). This has been facilitated by
achievements in various disciplines of geology (Fig.1). Although the
available eustatic reconstructions differ (and this remains a serious
challenge for current research), some generalities are evident:
(1) Phanerozoic eustatic changes occurred in a cyclic manner (Vail
et al.,1977;Read,1995;Hallam,1984;HaqandAl-Qahtani, 2005);ru.
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eijing) and Peking University. Produ
c-nd/4.0/).(2) Phanerozoic eustatic ﬂuctuations were multi-ordered, i.e. the
established cycles constituted a kind of hierarchy (Read, 1995;
Veeken, 2006; Boulila et al., 2011; Haq, 2014);
(3) The primary major controls on eustatic ﬂuctuations were gla-
ciations, global tectonic processes, and sedimentation
(Harrison, 1990; Read, 1995; Abreu and Anderson, 1998; Miller
et al., 2005; Catuneanu, 2006; Cogné et al., 2006; Veeken,
2006; Cogné and Humler, 2008; Moucha et al., 2008; Müller
et al., 2008; Conrad and Husson, 2009; Galeotti et al., 2009;
Lovell, 2010; Ruban et al., 2010; Boulila et al., 2011; Jones
et al., 2012; Spasojevic and Gurnis, 2012; Conrad, 2013; Haq,
2014; Rovere et al., 2014);
(4) The thermal expansion of seawater (Miller et al., 2005; Archer,
2008; Chen et al., 2014) and the geoid parameters (Veeken,
2006; Spasojevic and Gurnis, 2012), might have also signiﬁ-
cant controls on the eustatic ﬂuctuations;
(5) The eustatic changes were not constant throughout geological
history (e.g., Read, 1995; Haq and Al-Qahtani, 2005; Boulila
et al., 2011).
Ruban (2013) hypothesized that if the controls on the eustatic
ﬂuctuations did not remain stable, and were intercalated in a morection and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-
Figure 1. Multi-disciplinary nature of the progress in understanding of the Mesozoic
eustasy since the end-1990s.
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differences in the hierarchy of eustatic cycles between the in-
tervals of Earth’s history. It should be also added that (1) global
tectonics inﬂuenced sea-level on various temporal scales, not
necessarily on the only very long intervals of the geological history
(Miller et al., 2005; Lovell, 2010), and (2) cycles of a different rank
dominate greenhouse and icehouse worlds (Read, 1995); both
facts may be signiﬁcant for analysing changes in the hierarchy of
eustatic cycles. Veriﬁcation of the above-mentioned hypothesis is
currently needed for at least two reasons. First, modelling of
eustatic ﬂuctuations requires understanding of their regularities.
One needs to know whether the same classiﬁcation (ranking/
ordering) of eustatic cycles by their scale (e.g., Read, 1995; Veeken,
2006; Boulila et al., 2011; Haq, 2014) can be applied equally to all
epochs, periods, and eras. Second, the rapidly evolving discipline
of sequence stratigraphy has established the hierarchy of se-
quences as one of its priorities (Catuneanu, 2006; Catuneanu et al.,
2011, 2012).
The Mesozoic era was long enough (186.2 Ma, which isw1/3 of
the Phanerozoic e see Ogg et al. (2008), and Gradstein et al. (2012),
and www.stratigraphy.org) to expect signiﬁcant perturbations of
the global sea-level and its controls. Eustatic reconstructions of
Mesozoic eustasy (see below) have been proposed in the past two
decades. The long-term eustatic cycles, i.e. those traced at the level
of stages and higher (cf. Haq and Al-Qahtani, 2005; Haq, 2014), can
be established unambiguously with these reconstructions. The
main objectives of the present paper are (1) recognition of Triassic,
Jurassic, and Cretaceous long-term eustatic cycles and their hier-
archy, and (2) tracing long-term eustatic cyclicity through the
entire Mesozoic. It is not the intention of this paper to choose the
most suitable of the available eustatic curves; it is supposed that
each of them has an equal potential to describe actual Mesozoic
global sea-level changes.2. Material and method
2.1. Modern eustatic curves
The available Mesozoic eustatic curves, which are characterized
below, are the data employed for the purposes of the present
analysis. The most famous Mesozoic eustatic curve was proposedby Haq et al. (1987). Although it is still used by many researchers as
a kind of “standard”, it was updated signiﬁcantly by Haq and
Al-Qahtani (2005) and Haq (2014). The former work is primarily
focused on changes around the Arabian Peninsula, but it also bears
an update of the global eustatic curve. The latter work updates the
Cretaceous part of the eustatic curve proposed by Haq and
Al-Qahtani (2005). These works (Haq and Al-Qahtani, 2005; Haq,
2014) provide “short-term curves” (in fact, they depict moderate-
scale cycles) and “long-term curves” (the latter are constrained by
analysis of the only global sea-level highstands). In this case, the
labels “short-term” and “long-term” are used sensu Haq and
Al-Qahtani (2005) and Haq (2014). Only the “short-term curves”
are used for the purposes of the present study, the presence of the
scale indicating absolute global sea-level changes permits the
outlining of long-term cycles. It should be noted that the updated
Palaeozoic eustatic curve (Haq and Schutter, 2008) needs to be
combined with the curve of Haq and Al-Qahtani (2005). At least,
they indicate a different position of the global sea-level at the start
of the Triassic. However, the compatibility of these curves remains
unclear, and the original reconstruction of Haq and Al-Qahtani
(2005) is used for the purposes of the present analysis.
The developments byHaq et al. (1987) faced some criticism (e.g.,
Miall, 1992; Hallam, 2001). As it is claimed by Hallam (2001),
Kominz et al. (2008), Miall (2010), and Ruban et al. (2012), only
further numerous inter-regional correlations of the available
geologic records may reﬁne our view of Phanerozoic eustatic
changes. As a result, there were many other developments in the
study of eustasy in the past two decades. Embry (1997) recognized
the global sea-level cyclicity for the Triassic. The resolution of his
curve is comparable to that of Haq et al. (1987) and Haq and
Al-Qahtani (2005), and it reveals cycles that lasted for w1 Ma at
minimum. Importantly, the curve proposed by Embry (1997) de-
picts the relative amplitude of Triassic sea-level rises and falls,
which is a key to establishment of long-term cyclicity. Hallam
(1988) proposed a eustatic curve for the Jurassic. He demon-
strated with high precision that the cycles occurred within partic-
ular stages, and his reconstruction allows one to compare the
amplitudes of global sea-level rises and falls throughout the ana-
lysed period. Later, Hallam (2001) reconsidered the available data
and concluded that global sea-level only rose during the Jurassic,
either gradually or in a stepwise mode; the only signiﬁcant low-
stand was in the beginning of this period. If so, it seems to be
logical to modify his earlier curve (Hallam, 1988) accordingly, i.e.
depicting no global sea-level falls.
A new era in Mesozoic eustatic research began in the mid-
2000s, when Miller et al. (2005) published their high-resolution
curve of the late CretaceouseCenozoic sea-level changes. The res-
olution of this curve is less than 1Ma, but the established cycles are
more or less comparable with those established by Haq and
Al-Qahtani (2005). Quantitative evaluation of cycle magnitudes
allows recognition of their grouping into higher-ranked cycles. The
reconstruction of Miller et al. (2005) was based on data from the
eastern margin of North America (New Jersey margin), but it was
treated as a kind of global “standard”. Later, it was reﬁned by
Kominz et al. (2008), and the curve proposed in their work is
considered in this study. However, Müller et al. (2008) argued that
the New Jersey margin did not remain stable in the Cretaceous and
the Cenozoic. This team proposed another eustatic curve that is
based on planetary-scale tectonic modelling, i.e. this curve is more
prediction than reconstruction of “actual” eustatic ﬂuctuations,
and, thus, it differs from the other considered curves. This new
curve depicts long-term cyclicity with the minimal length of one
cycle ofw5Ma. However, it is useful for the purposes of the present
study, because it permits recognition of higher-order Cretaceous
cyclicity. Modelling allowed Spasojevic and Gurnis (2012) to
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resolution of their curve does not permit its use in this study.
2.2. Long-term eustatic cycles and their interpretation
The hierarchy of long-term eustatic cycles is yet to be fully un-
derstood, and there remains uncertainty on the number of orders of
Mesozoic cyclicity and how these orders correspond to those out-
lined theoretically (see ranking of cycles in Read, 1995; Veeken,
2006; Boulila et al., 2011; Haq, 2014). That is why the general
term “long-term cycles” is preferred in this paper when speaking
about what are usually called “ﬁrst-”, “second-”, and “third-order
cycles”. The long-term eustatic cycles are understood here as rises
and falls of global sea-level that are established at the level of stages
and higher. In other words, these are cycles with a duration of
3e5 Ma (one should note that the original eustatic curves should
depict cyclicity with a higher precision in order to allow in-
terpretations of the long-term cycles). Of course, this is a provi-
sional deﬁnition, because (1) the parameters of cyclicity (including
the duration of individual cycles) changed through geologic time
(Read, 1995), (2) the length of the Mesozoic stages differed sub-
stantially (Ogg et al., 2008; Gradstein et al., 2012), and (3) the
interpretation of cycles depends on the resolution and the general
quality of the available geological record(s). That is why cycles of
the same order might have differed from 0.5e1 Ma to 5e10 Ma
throughout the studied time interval. Recognition of the long-term
eustatic cycles requires analysis of the eustatic curve at the interval
equal to one geologic period or era.
The reconstructions mentioned above (Hallam, 2001; Haq and
Al-Qahtani, 2005; Kominz et al., 2008; Müller et al., 2008; Haq,
2014) allow interpretations of the Mesozoic long-term eustatic
cycles. For this study, all curves were modiﬁed according to the
modern version of the geological time scale, which is developed
by the International Commission on Stratigraphy (Ogg et al., 2008;
Gradstein et al., 2012; see www.stratigraphy.org for later updates).
The resolution of the interpreted eustatic curves permits the use of
stage boundaries and absolute ages (with an error of no more than
w0.5 Ma) for this purpose. Then, “elementary” cycles are consid-
ered. These are the minimal-length (middle-term in all cases)
cycles that are visible on the curves, i.e., these are the cycles
reconstructed directly by the authors of these curves. On a given
time interval, “elementary” cycles can group so that each next
cycle leads to either higher global sea-level or lower sea-level,
which is indicated by the trajectory of high-stands, low-stands,
and average level. If this occurs, long-term eustatic rises and falls
can be established (Fig. 2). Further consideration of this long-term
cyclicity may also result in ﬁnding much longer rises and falls,
which implies a long-term cyclicity of higher rank. In this way, the
hierarchy of cycles can be revealed. However, it is possible that
“elementary” cycles or cycles of any higher level do not collec-
tively demonstrate any tendency to higher amplitude rise or fall.
In such a case, an absence of cyclicity of higher rank should be
postulated. In simple terms, the orders of long-term cyclicity are
established here on the basis of the “shape” of the original eustatic
curves.
The method employed for the purposes of this study is essen-
tially semi-quantitative. It is not “purely” qualitative because the
relative strength of global sea-level high-stands and low-stands
derived from the original eustatic curves is considered. A “fully”
quantitative approach cannot be used for the purposes of this study,
because some curves (Embry, 1997; Hallam, 2001), which are
essential for the present analysis, are difﬁcult to be quantiﬁed. They
only depict the relative eustatic ﬂuctuations. It should be also noted
that the labels “1st-order”, “2nd-order”, etc. are applied in this
work provisionally. For instance, the interpreted 3rd-order cyclesdid not necessarily match those 3rd-order cycles that were dis-
cussed by Boulila et al. (2011). This tentative solution also avoids
confusion between actual (established on the basis of the geological
record) and ideal (established on the basis of the current
knowledge on the astronomical controls of the Earth’s dynamics)
cycles.3. Interpretations
3.1. Triassic long-term eustatic cycles and their hierarchy
The reconstruction by Haq and Al-Qahtani (2005) implies two
orders of Triassic long-term eustatic cycles (Fig. 3). The long-term
cycles of the 2nd-order demonstrate a weak tendency towards
global sea-level rise through the entire Triassic. If so, they consti-
tuted a part of the 1st-order cycle, which encompassed a time span
larger than the Triassic period. The reconstruction by Embry (1997)
also reveals two orders of long-term eustatic cycles (Fig. 3). The
only relatively short-term increases in the magnitude of global sea-
level low-stands indicate interruptions in the general tendency
towards eustatic rise through the Triassic. And, thus, several
strongly asymmetrical 2nd-order long-term cycles may be inter-
preted. These reﬂect the weak, but more or less gradual 1st-order
eustatic rise.
Both curves described above are comparable in resolution, and
both indicate long-term eustatic cycles of two orders (Fig. 3). The
2nd-order cycles interpreted on the basis of the curves by Embry
(1997) and Haq and Al-Qahtani (2005) do not coincide however
(with regard to their occurrence in time and duration) (Fig. 3),
which reﬂects a different vision of Triassic eustasy and, probably,
difﬁculties in its reliable reconstruction. Nonetheless, the inter-
preted 1st-order cyclicity matches well in both cases, and global
sea-level likely rose through the entire period. Moreover, both
curves indicate aweakness of the long-term eustatic cyclicity in the
Triassic. The latter observation is also supported indirectly by only
partial global correlation of regional Triassic disconformities
(Ruban et al., 2009).3.2. Jurassic long-term eustatic cycles and their hierarchy
Two orders of long-term eustatic cycles can be established in the
Jurassic with the curve proposed by Haq and Al-Qahtani (2005)
(Fig. 4). Two 2nd-order asymmetrical cycles are interpreted.
Evidently, sea-level reached a higher position at the time of the late
Kimmeridgian high-stand than at the time of the early Toarcian
high-stand. Similarly, sea-level remained higher in the early Aale-
nian than in the Hettangian, although both time intervals were
characterized by signiﬁcant low-stand. These observations indicate
a clear tendency towards eustatic rise throughout the entire
Jurassic, i.e. this is evidence of the 1st-order cyclicity. In contrast,
the reconstruction of Hallam (2001) implies only one order of long-
term eustatic cycles (Fig. 4). Such an interpretation is supported
indirectly by the results of global tracing of major unconformities;
no widespread sedimentation breaks were found in the Jurassic
(Zorina et al., 2008).
Evidently, the interpretations of long-term eustatic cyclicity on
the basis of reconstructions by Hallam (1988, 2001) and Haq and
Al-Qahtani (2005) demonstrate striking differences (Fig. 4),
although both reﬂect a general tendency towards 1st-order sea-
level rise throughout the Jurassic. It should be stressed that the
curves employed for the present analysis indicate a different
number of orders of long-term eustatic cycles, despite their com-
parable resolution (Fig. 3). This proves their true difference by the
number of orders.
Figure 2. Example demonstrating the essence of the method used for the long-term eustatic cycle interpretation. This method is semi-quantitative, because it compares the relative
strength of low-stands and high-stands in succession (the average position of the sea-level is also considered). Changes in trends from rise to fall or from fall to rise are marked by
the observed maximum high-stand and the maximum observed low-stand respectively. An application of this method is based on the general principles of geometry and logic.
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The curve proposed by Haq (2014) permits recognition of two
orders of Cretaceous long-term eustatic changes (Fig. 5). Several
asymmetrical 2nd-order cycles can be established. Global sea-level
was higher at the early Turonian high-stand than at the early Bar-
remian high-stand. Similarly, sea-level was not as low at the early
Aptian low-stand as at the early Valanginian low-stand. Thisevidence implies a 1st-order eustatic rise, which later changed to
eustatic fall of the same order that persisted through the late
Cretaceous. Three orders of long-term eustatic cyclicity can be
interpreted on the basis of reconstruction by Kominz et al. (2008)
(Fig. 5). The 3rd-order cyclicity is recognizable at only the late
Cretaceous interval, and it is unclear in the Albian. The 2nd-order
cycles are asymmetrical. The mid-Santonian, mid-Campanian, and
early Maastrichtian high-stands each led to the higher position of
Figure 3. Interpreted Triassic long-term eustatic cycles. Original global sea-level reconstructions are modiﬁed according to the new geological time scale (Ogg et al., 2008; Gradstein
et al., 2012; see www.stratigraphy.org for later updates).
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analysis of low-stands). This reﬂects the 1st-order eustatic rise. The
reconstruction byMüller et al. (2008) also indicates three-orders of
long-term eustatic cyclicity (Fig. 5). The 3rd-order cycles are
recognizable at only the late Aptianeearly Campanian time inter-
val. Their comparison indicates weak 2nd-order sea-level rises and
falls. Supposedly, the Valanginianeearly Hauterivian and middle
CampanianeMaastrichtian falls and the late Hauterivianemiddle
Aptian rise should be treated as elements of the 2nd-order cycles,
because they differ in length and strength of the relevant eustatic
changes from the above-mentioned 3rd-order cycles, although
both groups of cycles are manifested by the “elementary” cycles of
Müller et al. (2008). According to the latter, the global sea-level
reached its maximum in the Campanian, which also allows the
recognition of the 1st-order rise-fall cycle.
The curve of Haq (2014) is of lower resolution than the curve of
Kominz et al. (2008), but both are of higher resolution than the
curve of Müller et al. (2008) (Fig. 5). Moreover, the only curve of
Haq (2014) is comparable to the earlier-mentioned Triassic and
Jurassic eustatic curves (Figs. 3e5). Therefore, the 3rd-order
cyclicity interpreted from the curve of Kominz et al. (2008) should
be omitted as it is below the resolution of this present study. In
contrast, the curve by Müller et al. (2008) does not exclude thepossibility that there was also a 4th-order cyclicity comparable to
the 2nd-order cyclicity established on the basis of the curves by
Kominz et al. (2008) and Haq (2014). This possibility, however,
seems to be minimal because the duration of the 3rd-order cycles
interpreted with the curve of Müller et al. (2008) is no longer than
that of the 2nd-order cycles interpreted with the curves of Kominz
et al. (2008) and Haq (2014). The evident peculiarity of the inter-
pretation based on the curve by Müller et al. (2008) may be
explained by a different origin of this curve, which is an outcome of
the modelling (but this fact does not weaken the validity and the
importance of this interpretation).
The Cretaceous long-term cycles interpreted with the curves of
Kominz et al. (2008), Müller et al. (2008), and Haq (2014) differ
signiﬁcantly (Fig. 5). Not only is their correlation tenuous because
they are often incomparable in duration, but there are serious dif-
ferences in their hierarchy. This is somewhat surprising because
several nearly-global sedimentation breaks have been found in the
Cretaceous record (Zorina et al., 2008). Most probably, the available
reconstructions of Cretaceous eustasy still need signiﬁcant im-
provements. It is worth noting that Spasojevic and Gurnis (2012)
found that the long-term eustatic rise changed to a fall near 80
Ma. This supports the 1st-order highstand interpreted from the
curve of Müller et al. (2008). The reconstruction of Haq (2014)
Figure 4. Interpreted Jurassic long-term eustatic cycles. Original global sea-level reconstructions are modiﬁed according to the new geological time scale (Ogg et al., 2008; Gradstein
et al., 2012; see www.stratigraphy.org for later updates).
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Kominz et al. (2008) does not bear any clear evidence of such a
change.
4. Discussion
Although the considered reconstructions (Embry, 1997; Hallam,
2001; Haq and Al-Qahtani, 2005; Kominz et al., 2008; Müller et al.,
2008; Haq, 2014) differ signiﬁcantly, as well as the interpretations
of long-term eustatic cycles, four general observations are possible
(it is also taken into account whether the curve resolution is
comparable or not e see above).
(1) Global sea-level experienced 1st-order rise during most of
the Mesozoic, followed by fall either in the late Cretaceous
(according to Müller et al. (2008) and Haq (2014)) or later
(according to Kominz et al. (2008)). This long-term cycle is
clearly visible on all reconstructions considered in this study.(2) The number of orders of long-term eustatic changes might
have changed through the Mesozoic from one in the Jurassic
(Hallam, 2001) to three or four in the late Cretaceous (Müller
et al., 2008) (Fig. 6).
(3) The interpreted cycle hierarchies and the duration of particular
cycles make it very difﬁcult to establish the true rank of the
observed cyclicity with the available classiﬁcations (e.g., Vail
et al., 1977; Read, 1995; Veeken, 2006; Boulila et al., 2011;
Haq, 2014). In fact, the 2nd-order Triassic cycles interpreted
with the curve of Embry (1997) do not resemble the Jurassic
cycles of the same order interpreted with the curve of Haq and
Al-Qahtani (2005). Of course, this does not imply ﬂaws in the
above-mentioned conceptual classiﬁcations, because they
correctly depict the “ideal” hierarchy. As expected, the inter-
preted cycles, including those of the 3rd order, differ generally
fromwhat was termed by Boulila et al. (2011) as the “3rd-order
cycles”, although this fact does not disprove the suggestions by
Boulila et al. (2011).
Figure 5. Interpreted Cretaceous long-term eustatic cycles. Original global sea-level reconstructions are modiﬁed according to the new geological time scale (Ogg et al., 2008;
Gradstein et al., 2012; see www.stratigraphy.org for later updates).
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An increase in the number of orders of eustatic cyclesmight have
occurred in the Cretaceous (Fig. 6). This period (and especially the
late Cretaceous epoch) differed from the other time intervals of the
Mesozoic by two distinctive features. First, despite the warm plan-
etary climate (Kauffman and Johnson, 2009; Hay and Floegel, 2012;
Zalasiewicz and Williams, 2012), glacial advances are known (or, at
least, hypothesized) in the Cretaceous (Frakes and Francis, 1988;Figure 6. Possible changes in the number of long-term eustatic cycle orders during the
Mesozoic.Frakes and Krassay, 1992; Alley and Frakes, 2003; Miller et al.,
2005; Bornemann et al., 2008; Galeotti et al., 2009; Moriya, 2011;
Maurer et al., 2013; Peropadre et al., 2013). Second, the breakup of
Gondwana reached its end, and there were active tectonic re-
organizations in the Paciﬁc (Cogné et al., 2006; Ruban et al., 2010;
Seton et al., 2012; Chatterjee et al., 2013). If so, both glacioeustatic
and plate tectonic processes might have been responsible for the
more complex hierarchy of the Cretaceous eustatic cyclicity.
The ideas of Hallam (2001) lead to the interpretation of only one
order of eustatic cyclicity in the Jurassic. The logical question is why
the same was not also interpreted for the Triassic. Although this
question requires further discussion, it should be noted that the
following were potentially able to produce the 2nd-order cyclicity
interpreted with the curves of Embry (1997) and Haq and Al-
Qahtani (2005):
(1) The possible early Triassic hyperthermal (Sun et al., 2012;
consider the critical remarks by Goudemand et al., 2013; see
also Benton and Newell, 2014) and the relevant thermal
expansion of seawater.
(2) Hypothetical minor glaciations (Spenceley, 2001; but see also
the review of the warm Triassic climate in Preto et al., 2010).
(3) (and most likely) Plate tectonic processes linked to the intense
breakup of Pangaea (Stampﬂi et al., 2013), and the relevant
effects of changes in the mean oceanic bottom age and the
dynamic topography.
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cycle orders (Fig. 6) may reﬂect different preservation of cycles of
the geological record. However, the long duration of the discussed
eustatic cycles make them well-preserved. Moreover, the original
eustatic reconstructions (Hallam,1988, 2001; Embry,1997; Haq and
Al-Qahtani, 2005; Kominz et al., 2008; Müller et al., 2008; Haq,
2014) employed for the purposes of the present analysis are based
on representative geological data, and the long-term cycles are
interpreted on the basis of shorter-term cycles (the latter statement
means the curve resolution is enough for detection of long-term
cycles).
The 1st-order cyclicity interpreted for the entire Mesozoic (see
above) seems to be a proven feature, but was it really the 1st-order?
To answer this question at least two lines of evidence should be
taken into account:
(1) It is unknownwhether the Cretaceous (or Paleogene according
to Kominz et al., 2008) global sea-level high-stand was com-
parable with that which occurred in the Ordovician (see Ruban
et al., 2010 for details). If these high-stands differed in their
absolute position of sea-level, there was a eustatic change of an
order higher than that interpreted in this paper as the ﬁrst-
order.
(2) The magnitude of eustatic changes that led to the Phanerozoic
high- and low-stands should be compared to the Precambrian
eustatic changes, which were also complex (Eriksson et al.,
2001, 2005, 2012; Miall, 2005) and occurred over a longer
time-frame (according to Ogg et al. (2008) and Gradstein et al.
(2012), the Precambrian was 7.5 times longer than the
Phanerozoic).
Generally, it will not be surprising to ﬁnd cyclicity of orders
higher than the 1st order traced through the Mesozoic.
5. Conclusions
The results of the present study show that the hierarchy of
Mesozoic long-term eustatic cycles is uncertain and that this
problem is two-fold:
(1) The natural uncertainty is related to possible changes in the
cycle hierarchy through geological time (the number of cycle
orders might have increased and decreased at some intervals).
(2) The artiﬁcial uncertainty is linked to signiﬁcant differences
between the available eustatic curves (Embry, 1997; Hallam,
2001; Haq and Al-Qahtani, 2005; Kominz et al., 2008; Müller
et al., 2008; Haq, 2014) and subsequent long-term cycle
interpretations.
Generally, the hypothesis about possible changes in the long-
term eustatic cycle hierarchy, i.e. the hypothesis about the natural
uncertainty of this hierarchy (Ruban, 2013) cannot be veriﬁed with
the results of this study because of the noted artiﬁcial uncertainty.
However, this hypothesis is, at least, reasonable and needs serious
consideration. The above-mentioned uncertainties can be
addressed adequately with multiple inter-regional correlations of
changes in basin geometry (Hallam, 2001; Kominz et al., 2008;
Miall, 2010; Ruban et al., 2012; Haq, 2014) and through geo-
dynamic modelling (Müller et al., 2008; Conrad and Husson, 2009;
Spasojevic and Gurnis, 2012; Conrad, 2013).
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